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USING SATELLITE IMAGING RADAR TO GENERATE FLOOD MAPS FOR HUMANITARIAN RESPONSE: A CASE
STUDY FOR THE 2019 MALAWI FLOODS
Wen Yong Huang1, Janet Llinas1, Evelin Perez-Flores1, and Aaron Davitt2
New York City College Of Technology1, CUNY Graduate Center2
RESULTS – Confirming classification

RESULTS – Region classification

INTRODUCTION
Floods are the most common, severe, and damaging natural disasters that can last hours, days, or weeks. Given its
location along the great African Rift Valley, Malawi is especially vulnerable to floods due to its geography and low
economic development (Figure 1). About 80 percent of Malawi‘s population lives in an agrarian economy. From
January to March 2019, severe floods affected nearly 1 million people and claimed 56 lives in Malawi. The floods
were caused by tropical cyclone Idai from March 4 to March 21, one of the worst tropical cyclones on record, and
heavy rains that followed. The floods damaged crops, contaminated water supplies that resulted in cholera
outbreaks, displaced people, and destroyed schools.
In response to the floods, UNICEF provided aid to identify flooded districts. All assistance was done by providing
tents to be used as temporary schools, ensuring that children will be able to continue their classes, providing food,
and giving medical treatment. This recovery effort was due to UNICEF mapping specific flood areas with drones to
help people understand the need in those areas. However, some flood areas may have been misidentified due to
technical limitations of drones- personal needed to fly, battery power, and lack of available drones. This may have
resulted in areas not receiving humanitarian aid.
The purpose of this project is to use the European Space Agency (ESA) Sentinel-1A/B synthetic aperture radar (SAR)
satellite data to improve flood mapping and identification to better direct humanitarian aid in Malawi. Sentinel1A/B images from before and after the flood events were used in change detection and classification analysis. Using
Sentinel-1A/B classified maps and the UNICEF flood areas from drones, we had compared the two to verify the
accuracy of the Sentinel-1A/B generated maps for flood identification. The implications for this project could help
identify which areas in Malawi may have been affected by floods to improve the distribution of humanitarian aid
for relief efforts.
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Figures 3 , 4, and 5 show Sentinel -1B False Color image (R=VV/G=VH/B=VV) from before the flood, 12/08/2018.
Left image is radar image from Nsanje region, middle image is Chikwawa region, and right image is Balaka region.
6

8

7

Figures 6, 7, and 8 show Sentinel-1B False Color images (R=VV/G=VH/B=VV) from different flood dates by region:
03/26/2019 (Nsanje); 01/13/2019 (Chikwawa); 02/06/2019 (Balaka)
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Figure 15. Location: Mankhokwe in Nsanje. Left, UNICEF
drone flood imagery confirming flood areas. Right, Sentinel1B flood classification map. “X” marks the matching center
areas in each image.
In figure 15 above, the “X” marks the center of the images
1) The classified map was able to identify some of the
flooded areas, as confirmed by the UNICEF drone flood map.
2) There was some violet red color spread around the center
represented as flooded vegetation, and the lower right
corner contained non-permanent water (pink) that group
together with the portion of the permanent water (blue).
3) Buildings and roads were mistakenly shown in grey color,
which the classified map denoted as mountains probably
due to the double bounce effect of the radar due to energy
bounces off the surface back to the radar.
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Figure 1: The Republic of Malawi is a landlocked country in southeast Africa
that was formerly known as Nyasaland. It is bordered by Zambia to the
northwest, Tanzania to the northeast, and Mozambique on the east, south,
and west. UNICEF confirmed there were three flooded areas; Balaka (blue
dots), Chikwawa (yellow dots), and Nsanje (purple dots), which became our
target areas (see Figure 1, right image). Top image, location of Malawi (red
outline) in southeastern Africa. Right image, UNICEF flood mapped locations.
Orange circles represent flood locations used in this study.

Figures 9, 10, and 11 show Sentinel-1B False Color stacked images incorporating flood and non-flood dates (R=VV,
flood date / G=VH, flood date / B=VV, before flood).
1) For our flood classification, we used the same date (12/08/2018) for all the regions. This date is a radar image
before the floods, considered a normal or dry state reference for comparison to flood dates (Figures 3 – 5).
2) Next, we identified and confirmed flood dates through UNICEF reporting (Figures 6 – 8). Each figure representing
a radar image during or right after the flooding in each location. Red arrows in each image point to a flooded area
(Pink color regions).
3) To highlight flooded areas, we stacked before and after the flood, images to create a false-color image using
different polarizations (VV-after flood, VH-after flood, VH-before flood) in figures 9 - 11. By stacking the images, we
highlight the changes that occurred during the flood, i.e. reddish-pink indicates areas that were dry and then
became flooded.
4) To classify, we grouped different areas into classes: flooded vegetation(reddish-pink), vegetation (green),
mountains (grayish-white), non-permanent water (dark), permanent water (dark).

METHODOLOGY
Synthetic Aperture Radar (SAR) transmits microwave
signals and then receives back the signals that are
reflected from the Earth‘s surface as backscatter.
Polarization also takes effects of the strength of
backscatter. It is when the radar signals are transmitted
and received vertically and horizontally. SAR records
different backscatter mechanisms (see table 1). The
purpose of our study is to consider the following for our
flood research:
A. Blue areas are rivers and lakes displaying specular
scattering.
B. Green areas are vegetation with volume scattering.
C. Pink areas are flooded areas (non-permanent)
displaying specular scattering.
D. Red areas are flooded vegetation having doublebounce scattering.

Figure 2.

1) Download
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Data Search

2) Process the datasets in SNAP:
-Calibration
-Speckle Filter
-Geometric Correction
-Coregistraiton (stack)
-Classification
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Figure 2. Sentinel-1B datasets were downloaded from the Alaska Satellite Facility (ASF). Then, they were processed in
SNAP to provide analysis-ready images. After that, calibration was essential to provide imagery in which the pixel
values can be directly related to the radar backscatter, speckled filtered to remove noise, and terrain corrected the
radar images in the correct geographic orientation. Using the processed images, we used a classification algorithm to
identify the vegetation, flooded vegetation, non-permanent water, permanent water, and mountain areas. The
algorithm consists of using the SAR automatic target recognition by dividing feature colors by pixels and aims to find a
region of interest automatically. In short, we selected areas that have similar colors (see figures 12– 14), verified they
were flood areas (from the UNICEF flood locations), and group them by similar scattering mechanisms. Lastly, we
zoomed into identified flood areas captured by the UNICEF drones and compare them to our classification maps to
verify our results.

Confirmed Non-Permanent Water
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Figures 12,13,14 sentinel 1B-False Color classified images (R=VV/G=VH/B=VH) from before, during, and after
the flood from staked images.
3) Create
shapefiles based
of UNICEF
verified flood
locations

Figure 16.Location: Kavala in Chikwawa.
1) The classification map seems to be matched with the flood
locations capturing the flood areas, vegetation, and urban
areas.
2) The red areas were confirmed to be flooded and green
areas were confirmed to be vegetation. Urban areas are
shown in light grey for the same reason as Mankhokwe.
3) The areas with no data could not be classified.

Figure 17. Location Amidu in Balaka region.
1) The classified map (right image) demonstrated a lot of nonpermanent water (flood, purple color) around the central
area verifying what UNICEF identified as a flooded area.
2) However, there were areas where there was no data thus
leaving gaps. These areas might be identified as houses and
roads.
3) The classified map also failed to distinguish vegetation
from mountain areas.

The classified images above areas that are identified as vegetation (green), permanent water (dark blue), nonpermanent water (violet, flooded areas), and flooded vegetations (red).
1) Figure 12 showed the southeastern part of Malawi, Nsanje, exhibited non-permanent water (flood) conditions.
This pinkish color revealed more on the southeastern side than the southwestern side.
2) Figure 13 displayed the lake having a huge portion of non-permanent water in the center. This suggests that
the lake increased in depth and size. The areas around the lake were affected by the flood. We can see distinct
red areas (flooded vegetation) south and southwest of the lake.
3) Figure 14, the image classified a wide range area of non-permanent water (flood areas, violet color) in the
central part of Malawi, which could be the result of heavy rain.
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DISCUSSION & CONCLUSION
• SAR is beneficial for detecting flood monitoring in a
wider range of areas, especially during cloudy
situations as radar can “see” through clouds.
• Overall, from a qualitative perspective, the
classification map was able to identify some of the
flooded areas.
• This project is a first step for identifying flood areas.
• There is a need to distinguish between villages and
mountains.
• This project could help the response team to provide
aid to people affected by flooding since larger areas
can be identified with satellite observations.

